GEWEX CLOUD SYSTEM STUDY
WORKING GROUP 3
EXTRA-TROPICAL LAYER CLOUDS

*Mandate: Improve representation of extratropical layer clouds in
global models

*Uniqueness: Mandate includes improvement of boundary layer,
cirrus, convective, and some polar clouds

*Problem: Not quite certain what 1s really wrong with extratropical
layer clouds 1n global models

*Approach: Simulation of real world storm cases with a suite of
atmospheric models
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Key Scientific questions identified by Working Group 3

o How important is it for climate and weather models to correctly
parameterize sub-grid scale mesoscale cloud structure and
cloud layering in extra-tropical cloud systems?

o Why are the components of the water budget associated with
mid-latitude cloud systems poorly represented in climate
models?

o What level of complexity of microphysical processes needs to

be parameterized in order that weather and climate models can
correctly simulate extra-tropical cloud systems?

o Is there an optimal combination of GCM resolution and sub-grid
scale parameterization?

o What processes are not properly parameterized, and are there
specific threshold scales for critical features?
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CASE 1: Australian Cold Front (CFRP)

CRM, LAM, SCM, and AGCM simulations were
evaluated using satellite and field study observations

*Results are presented in Ryan et al. 2000

Some important findings:

*Models produced realistic cloud structures in the strongly-forced mature stage
of the storm but did not do as well in the weakly-forced beginning stage

*Models failed to reproduce the prefrontal mid-level cloud layer and
overpredicted the prefrontal cirrus cloud amounts

*The suppression of the prefrontal midlevel cloud may be due to too strong
sublimation of ice crystals falling from the cirrus layer

*Climate model resolution runs failed to simulate the frontal cloud structures



CASE 2: North Atlantic Storm (FASTEX)

*CRM, and LAM simulations are been evaluated using satellite and field
study observations

*Paper 1s 1n preparation

DX FASTEX

HET=5 DX IR Cloud Top Pressure on B2/17/97/127F

B3N
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FUTURE CASES

*DIME-based model initialization and evaluation
process

*Evaluation of storm cloud structures from storm-
event model simulations and of cloud property

statistics from month-long model runs

Japan Sea Experiment: Upcoming presentation by Dr. Nakamura
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YIS—adjusted Cloud Top Pressure (mhb)

March 2000 ISCCP D Data
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Yis—adjusted Cloud Top Pressure (mib)

March 2000 [SCEP 0 Data
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Viz—adjusted Cloud Top Pressure (mb)

March 2000 ISCCP D Data
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Cloud Top Height {m)

Cloud Top Height (m)
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What do we need to simulate correctly?

Cloud Radiative
effects

Cloud hydrologic
effects

Optical depth and

emission level

Precipitation

rate

S

Particle concentration,
phase, and size distribution

/



An evaluation of climate and weather model cloud radiative properties

CLOUD TOP PRESSURE (MB)
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* GISS climate and ECMWF weather
model were evaluated

* Monthly distributions of optical depth
and top pressure were compared
to ISCCP retrievals

* Analysis was done separately for upward
and downwards 500mb vertical velocity

and for land and ocean locations
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* GCM is missing ~ 3% and 21%
cloud cover in the two regimes

* GCM clouds are too optically thick
in all regimes

* GCM 1s missing middle and low
level thin clouds in both regimes
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* GCM 1s missing 19% cloud cover in
the W-DN regime

* GCM clouds are too optically thick
in all regimes

* GCM 1s missing middle and low
thin cloud 1in all regimes




APRIL

ISCCP - GCM | GISS 4x5x9 GISS 2x2.5x32 ECMWF T42 ECMWF T106
W-UP ACLC (%) 19.7 10.7 -3.1 2.9
OCEAN |R 0.06 0.3 0.14 0.12
Aol (Aase) (%) | -15 (-2.1) 7.5 (-1.4) -18.3 (-18.2) -17 (-13.4)
ACTP (mb) -118 -80.7 443 31.3
ACLC (%) 28 20.2 -3 -1
W-UP R 0.2 0.16 0.37 0.31
LAND Adel (Aase) (%) | -16.8 (1.62) -13.3 (-0.5) 9.2 (-8.9) -16.4 (-13.8)
ACTP (mb) -92.6 -87.9 -26 31.3
ACLC (%) 35.8 13.9 21.2 21.2
W-DN R 0.22 0.48 0.5 0.38
OCEAN Aol (Aase) (%) | -15 (6.5) 2.1 (3.6) -10.7 (1.5) -12.3 (0.7)
ACTP (mb) -152 -117 37 -33
ACLC (%) 35.5 22.5 13 19
W-DN R 0.16 0.34 0.55 0.41
LAND Aol (Aase) (%) | -19.3 (5.8) -12.2 (2.1) -1.6 (3.2) -10.3 (1.4)
ACTP (mb) -136.4 -126.2 -147 -90.2

* All models underestimate cloud cover in the W-DN regime

* All models overestimate cloud albedo in both regime

* Cloud height is underestimated in all regimes by the GISS GCM
and in the W-DN regime by the ECMWF GCM

* Resolution increase from 4x5x9 to 2x2.5x32 improves cloud properties dramatically in
the GISS GCM, but resolution increase from T42 to T106 shows no appreciable change
in the ECMWF GCM



What should be fixed in global model midlatitude layered clouds?

* Cloud optical depths are too large in both upward- and downward-moving
air regimes. Cloud water content is overestimated in the water budget
calculations or cloud vertical extents are too large.

* Cloud covers are too small in downward-moving air regimes. Boundary
layer may be too dry or subsidence too strong.

* Cloud top heights are too low in downward-moving air regimes. Turbulent
mixing or shallow convection may be too weak.

* Increases in resolution from 4 to 2 degrees show great improvements in
midlatitude cloud property simulations but further increases to about 1degree
show little change



